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whether	 among‐litter	 differences	 in	 behavior	 (i.e.,	 risk‐taking)	 and	 hormones	 (i.e.,	
cortisol	and	testosterone)	corresponded	with	parental	plasticity	in	habituation.	Thus,	










first‐litter	siblings.	Heritability	 for	all	 traits	did	not	differ	 from	zero	 (0.001–0.018);	







K E Y W O R D S
Canis latrans,	hormones,	human	disturbance,	parental	effects,	repeatability,	risk‐taking
12966  |     SCHELL Et aL.
1  | INTRODUC TION
Maternal	effects	have	the	potential	to	drive	both	the	direction	and	




to	 environmental	 conditions,	 accrued	 environmental	 experiences	
over	 time,	 or	 both	 (Badyaev	&	Uller,	 2009;	Maestripieri	&	Mateo,	
2009;	 Mousseau,	 1998;	 Mousseau,	 Uller,	 Wapstra,	 &	 Badyaev,	





because	maternal	 effects	 in	 one	 reproductive	 season	may	 not	 be	
predictive	of	 future	 reproduction	due	 to	 fluctuations	 in	 predation	
pressures	 (Marshall	 &	 Keough,	 2004;	 Sheriff,	 Krebs,	 &	 Boonstra,	
2010),	population	densities	(Dantzer	et	al.,	2013;	Plaistow	&	Benton,	
2009),	 and	 resources	 (Forest,	Dender,	 Pitcher,	&	 Semeniuk,	 2017;	
Hafer,	Ebil,	Uller,	&	Pike,	2011;	Plaistow	et	al.,	2007).	While	time	is	
an	important	component	of	parental	effects	theory,	particularly	be‐
cause	 such	processes	 are	 inextricably	 linked	with	 a	mother’s	 abil‐
ity	 to	 translate	 temporally‐varying	 environmental	 conditions	 into	
offspring	 phenotypes	 (Uller,	 2008),	 few	 studies	 have	 investigated	
variation	 in	maternal	 effects	over	 time	 (Benson,	Mills,	 Loveless,	&	
Patterson,	 2013;	Marshall	 &	Keough,	 2004;	 Plaistow	 et	 al.,	 2007;	
Sheriff	et	al.,	2010).
The	 extent	 to	 which	 parental	 effects	 allow	 parents	 to	 mold	
offspring	 phenotypic	 development	 has	 received	 substantial	
empirical	 attention	 over	 the	 past	 decade	 (Benard	 &	 McCauley,	
2008;	 Champagne,	 2008;	 Champagne	 &	 Curley,	 2009;	 Crino,	
Prather,	 Driscoll,	 Good,	 &	 Breuner,	 2014;	 Duckworth,	 Belloni,	 &	
Anderson,	 2015;	 Hinde	 et	 al.,	 2014;	 Kemme,	 Kaiser,	 &	 Sachser,	
2007;	Love,	Mcgowan,	&	Sheriff,	2013;	O’Connor,	Norris,	Crossin,	
&	Cooke,	2014;	Uller,	2008;	Weaver	et	al.,	2004).	Of	primary	con‐
cern	 in	 such	 studies	 is	 whether	 parental	 phenotype	 can	 act	 as	 a	
reliable	 cue	 for	offspring	 to	use	 in	maximizing	 their	 fitness	 in	 the	
current	environment	(Uller,	2008;	Uller,	Nakagawa,	&	English,	2013).	
This	hypothesis	necessarily	assumes	that	parental	response	is	suf‐




investigated	 how	 predation	 regimes	 (Sheriff	 et	 al.,	 2010;	 Stein	 &	
Bell,	2014),	density‐dependence	(Dantzer	et	al.,	2013),	or	resource	
availability	(English,	Bateman,	Mares,	Ozgul,	&	Clutton‐Brock,	2014;	
Hafer	et	 al.,	2011)	 induce	parental	 and	offspring	plasticity.	Rarely	
has	the	contribution	of	anthropogenic	disturbance	been	considered	
(Greenberg	 &	 Holekamp,	 2017;	 Miranda,	 Schielzeth,	 Sonntag,	 &	
Partecke,	2013).
Previous	 empirical	 work	 provides	 evidence	 to	 suggest	 that	
wildlife	 perceive	 humans	 as	 predators,	 and	 as	 such,	 display	 fear	
responses	 that	 are	qualitatively	 similar	 to	 those	exhibited	 in	 the	
presence	of	natural	predators	 (Blumstein,	2006;	Carrete	&	Tella,	
2017;	Rebolo‐Ifran	 et	 al.,	 2015).	 This	 is	 particularly	 the	 case	 for	
carnivores,	as	several	recent	studies	suggest	behavioral	and	eco‐
logical	 patterns	 of	 such	 species	 are	 directly	modified	 as	 a	 func‐
tion	of	anthropogenic	disturbance	(Clinchy	et	al.,	2016;	Moll	et	al.,	
2018;	Smith	et	al.,	2017;	Smith,	Thomas,	Levi,	Wang,	&	Wilmers,	















Miranda,	 2017;	 Sol,	 Lapiedra,	 &	 González‐Lagos,	 2013).	 Indeed,	
recent	findings	emphasize	the	significance	of	human	disturbance	
as	 a	 source	 of	 ecological	 variance,	 suggesting	 that	 organisms	
with	frequent	human	encounters	(e.g.,	urban	vs.	rural	individuals)	
will	 show	reduced	 fear	of,	and	habituation	 to,	humans	over	 time	
(Carrete	&	Tella,	2013;	Cook,	Weaver,	Hutton,	&	McGraw,	2017;	
Martin	&	Réale,	 2008;	Uchida,	 Suzuki,	 Shimamoto,	Yanagawa,	&	
























itable?	We	address	 these	questions	 in	a	captive	 system	because	
the	 experimental	 design	 of	 among‐litter	 studies	 often	 requires	
recapture	 and	 repeated	 measures	 that	 are	 difficult	 to	 obtain	 in	
the	wild.	Indeed,	only	two	studies	prior	to	this	one	have	observed	






From	 our	 questions,	 we	make	 several	 predictions	 (Figure	 1).	
First,	 we	 predicted	 that	 parents	 would	 exhibit	 reduced	 fear	 re‐
sponses	with	 their	 second	versus	with	 their	 first	 litters.	Parents	




observer).	 This	 is	 similar	 to	 previous	 studies	 that	 assess	 individ‐
ual	 differences	 in	 risk‐taking	 and	boldness	 in	 relation	 to	 anthro‐
pogenic	 disturbance	 (Dammhahn	&	Almeling,	 2012;	De	Meester	
et	al.,	2018;	Greenberg	&	Holekamp,	2017;	Patrick,	Charmantier,	
&	 Weimerskirch,	 2013;	 Samia,	 Nakagawa,	 Nomura,	 Rangel,	 &	




Third,	 we	 predicted	 that	 developmental	 testosterone,	 but	 not	
cortisol,	 would	 be	 lower	 in	 second	 versus	 first‐litter	 siblings.	
Previously,	we	demonstrated	that	parents	had	reduced	gestational	




Miles,	 &	 Clobert,	 2012;	 Sheriff	 et	 al.,	 2010,	 2017).	 Finally,	 we	
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2  | METHODS
2.1 | Study animals and housing
We	observe	 a	 captive	 coyote	 population,	maintained	 for	 research	
purposes,	 at	 the	United	States	Department	of	Agriculture	 (USDA)	
–	National	Wildlife	 Research	 Center’s	 (NWRC)	 Predator	 Research	







pups	 are	 progressively	weaned	 by	 their	mothers,	 and	 pups	 refine	




tion,	 in	early	January,	until	dispersal	age	in	the	wild,	 in	 late	July	or	
early	August	(i.e.,	15	weeks	of	age;	Bekoff	&	Wells,	1982).	Pups	were	
then	 relocated	 from	 their	 natal	 pens	 to	 outdoor	 enclosures	 sepa‐
rate	from	their	parents	to	reduce	parent‐juvenile	conflicts	(Figure	2).	
Outdoor	enclosures	were	equipped	with	artificial	den	boxes,	multi‐






We	 use	modified	 foraging	 assays	with	 anthropogenic	 disturbance	
(i.e.,	 human	 observer	 present)	 to	 assess	 risk‐taking	 behavior	 in	
coyote	parents	and	pups,	 as	 seen	 in	previous	work	 (Dammhahn	&	
Almeling,	2012).	Although	our	study	coyotes	were	fed	6	of	7	days	
weekly	by	animal	care	staff	 leading	up	to	this	experiment,	our	for‐

















response	 (yes/no)	over	a	7‐min	period.	Thus,	 riskier	 individuals,	by	
definition,	ate	at	food	piles	more	frequently	over	development	than	
others.	We	 chose	 a	 7‐min	 observation	 period	 because	 in	 prelimi‐
nary	 feeding	observations,	 this	was	 the	maximum	amount	of	 time	
for	coyotes	within	a	pen	to	consume	all	food	provided,	regardless	of	




hormone	 levels,	 particularly	 because	 hair	 concentrations	 repre‐
sent	 an	 accumulated	 hormonal	 average	 over	 a	 period	 of	 months	
to	 years,	 rather	 than	 days	 (Meyer	 &	 Novak,	 2012;	 Schell,	 Young,	
Lonsdorf,	Mateo,	&	Santymire,	2017;	Stalder	&	Kirschbaum,	2012).	
Moreover,	recent	studies	have	suggested	maternal	effects	can	influ‐
ence	hormone	 levels	 in	neonatal	hair	 (Dettmer,	Rosenberg,	Suomi,	
Meyer,	&	Novak,	2015;	Kapoor,	Lubach,	Ziegler,	&	Coe,	2016),	are	
useful	 in	 examining	developmental	 patterns	 in	 endocrine	 function	
(Laudenslager,	 Jorgensen,	&	Fairbanks,	2012),	 show	heritable	vari‐
ation	 (Fairbanks	et	al.,	2011),	and	are	responsive	to	environmental	




We	 captured	 pups	 at	 5,	 10,	 and	 15	weeks	 of	 age	 and	 shaved	
pups	 using	 commercially	 available	 pet	 grooming	 clippers,	 which	
were	brushed	and	wiped	with	70%	alcohol	before	each	shave.	We	
shaved	a	4‐cm	area	of	hair	 for	each	 individual	pup	and	stored	 the	
samples	 in	a	plastic	bag.	Bags	were	then	placed	 in	a	drawer	to	re‐
duce	prolonged	exposure	to	direct	sunlight,	as	prior	study	suggests	
natural	 sunlight	 decreases	 cortisol	 concentrations	 in	 hair	 (Wester,	
van	 der	 Wulp,	 Koper,	 de	 Rijke,	 &	 van	 Rossum,	 2016).	 Extraction	
methodology	closely	followed	(Schell	et	al.,	2017).	Briefly,	hair	was	
pulverized	to	a	fine	powder,	combined	with	5.0	ml	of	90%	methanol	














from	 the	 first	 to	 the	 second	 reproductive	 bout	 using	 univariate	




(i.e.,	 first	 vs.	 second	 litter),	 pup	developmental	 age,	 litter	 size,	 and	




with	 prior	 studies	 of	 vertebrate	 maternal	 effects	 (Dantzer	 et	 al.,	
2013;	 Schweitzer,	 Schwabl,	 Baran,	&	Adkins‐Regan,	 2014).	 Briefly,	

















variable	 for	 risk‐taking	behavior	was	binary,	we	used	 a	 categorical	












contrast,	 were	 fit	 with	 a	 Gaussian	 distribution	 after	 confirmation	
of	 normality	 using	 Levene	 tests	 implemented	 from	 the	 “Rcmdr”	R	
package	(Fox	&	Bouchet‐Valat,	2018).	Thus,	models	with	a	Gaussian	








titative	 genetic	 components	within	 each	 age	 class	 (i.e.,	within	 pups	
and	adults).	 The	 total	 phenotypic	 variance	 (VP)	was	partitioned	 into	
additive	genetic	(VA, identity	link	to	the	pedigree),	permanent	environ‐
ment	 (VPE,	 identity),	maternal	 (VM,	mother	 ID),	and	cohort	 (VC;	 com‐
mon	environment	or	litter)	variance	parameters	by	fitting	the	model	
with	the	random	terms	of	“animal”,	“ID”,	“dam”,	and	“Litter	ID”.	Thus,	
VP = VA + VPE + VM + VC + VR,	 in	 which	VR	 accounted	 for	 the	 residual	
variance	(i.e.,	“units”)	in	the	model	(Wilson	et	al.,	2010).	We	estimated	
narrow‐sense	heritability	in	risk‐taking	behavior	as	h2 = VA/(VP + π2/3),	
which	included	the	distribution‐specific	variance	term	(π2/3)	of	a	bino‐
mial	model	with	a	logit	link	(Hadfield,	2010;	Nakagawa	&	Schielzeth,	
2010).	Permanent	environment	effects	 (PE	=	VPE/VP + π2/3),	mater‐
nal	effects	(m2 = VM/VP + π2/3),	and	cohort	effects	(C = VC/VP + π2/3)	
were	 similarly	estimated	 (Petelle,	Martin,	&	Blumstein,	2015;	Taylor	
et	al.,	2012;	Wilson	et	al.,	2010).	We	then	estimated	repeatability	as	
the	among‐individual	variance	(VI = VA + VPE + VM + VC)	divided	by	the	






fects	 in	 previous	 univariate	models	 to	 estimate	 genetic,	maternal,	
cohort,	and	phenotypic	correlations	among	offspring	traits.	Before	
analysis,	 we	 binned	 trait	 data	 according	 to	 the	 hair	 hormone	 sur‐
vey	window,	 then	 proceeded	 to	 analyze	 each	window	 separately.	
In	other	words,	 risk‐taking	behavioral	data	were	partitioned	 into	a	
single	 row	with	shaved	hair	samples	collected	at	10	and	15	weeks	
of	 age,	 respectively.	 These	 periods	 corresponded	 with	 ecologi‐




data	 in	 the	weaning	 stage,	 and	 a	 single	 row	 in	 the	 juvenile	 stage.	
As	 a	 result,	 we	 were	 unable	 to	 evaluate	 permanent	 environment	
correlations	 due	 to	 the	 lack	 of	 repeated	 data	 (i.e.,	 rows)	 for	 each	
pup	within	 a	 developmental	 stage.	 The	 remaining	 random	 effects	
were	set	with	an	unstructured	 (“us”)	G‐structure,	which	allowed	a	
fully	factorial	variance/covariance	matrix	between	pup	phenotypic	
traits	 and	 our	 fixed	 effects	 (Boulton	 et	 al.,	 2015;	 Petelle,	McCoy,	









product	 of	 variances.	 For	 instance,	 the	 genetic	 correlation	 among	
pup	risk‐taking	and	cortisol,	where	“1”	is	equal	to	risk‐taking	and	“2”	
is	 equal	 to	 cortisol,	 was	 calculated	 as:	 rA	=	COVA(1,2)/√(VA(1)*VA(2));	
whereas	 the	maternal	 correlation	was	calculated	as:	 rR	=	COVM(1,2
)/√(VM(1) * VM(2)))	 (Boulton,	 Grimmer,	 Rosenthal,	Walling,	 &	Wilson,	
2014;	Brommer,	Karell,	Ahola,	&	Karstinen,	2014;	Dosmann,	Brooks,	
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&	Mateo,	2015;	Taylor	et	al.,	2012).	To	calculate	phenotypic	correla‐
tions,	we	divided	the	sum	of	all	covariances	(COVP(1,2) = COVA(1,2) + 
COVM(1,2) + COVC(1,2) + COVR(1,2))	by	the	square	root	of	the	sum	of	all	
variances	(VARP(1,2)	=	(VA(1) + VM(1) + VC(1) + VR(1))*(VA(2) + VM(2) + VC(2) + 
VR(2)).	Hence,	phenotypic	correlations	among	traits	were	estimated	
as: rP	=	COVP(1,2)/√(VARP(1,2)).
All	 analyses	were	 performed	 in	R	 version	 3.4.4	 (R	Core	 Team,	




being	 sampled	 every	 100	 iterations	 (“thin”)	 after	 a	 burn‐in	 period	





variance	 to	be	 structured	 among	 relatives.	 Sire,	 dam,	 grandparen‐
tal,	and	great‐grandparental	identity	were	included	in	the	pedigree	
(Supporting	information	Appendix	S1:	Table	S1).	Estimates	for	fixed	






Stein	&	Bell,	2015).	Lastly,	we	found	that	 litters	were	 larger	 in	the	




effects,	 and	 alternative	 models	 that	 additionally	 included	 the	 in‐
teraction	term	between	litter	year	and	litter	size.	We	then	selected	


















between	 litter	 year	 and	 size	performed	better	 than	our	null	mod‐
els	 (Supporting	 information	Appendix	S1:	Table	S2).	For	endocrine	
traits,	 however,	mixed	models	with	 the	 interaction	 between	 litter	
year	and	developmental	age	significantly	outperformed	null	models	
(Supporting	information	Appendix	S1:	Table	S3).
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3.2 | Pup hormones
We	found	that	second‐litter	pups	had	higher	average	cortisol	con‐
centrations	 compared	 with	 first‐litter	 siblings	 (mean	±	SE:	 first‐lit‐
ter	 pups,	 9.98	±	0.48;	 second‐litter	 pups,	 12.73	±	0.49;	 Table	 2a,	




differed	 in	 their	 testosterone	over	development,	with	a	significant	
interaction	term	between	litter	and	age	(Table	2b).	Compared	with	
their	 first‐litter	siblings,	 second‐litter	pups	had	 lower	 testosterone	
at	5	weeks	of	age,	but	at	15	weeks	of	age	that	trend	was	reversed	
(Figure	4).
3.3 | Variance component estimates and 
repeatability
We	 found	 evidence	 of	 repeatability	 in	 risk‐taking	 behavior	 across	
age	 classes	 (Table	 3),	 and	within	 each	 age	 class	 (Supporting	 infor‐
mation	 Appendix	 S1:	 Table	 S4).	 We	 additionally	 found	 moderate	











we	 found	 evidence	 of	 a	 positive	 phenotypic	 correlation	 among	
risk‐taking	 behavior	 and	 cortisol	 (Figure	 5a).	 That	 correlation	was	
strongly	 underpinned	 by	 substantial	 cohort	 correlations	 (Table	 4).	
We	did	not	find	evidence	of	genetic	or	maternal	correlations	among	
risk‐taking	 and	 cortisol.	 Furthermore,	we	 did	 not	 find	 support	 for	
correlations	between	risk‐taking	and	testosterone,	nor	between	cor‐
tisol	 and	 testosterone,	 during	 the	weaning	 stage	 (Table	4).	Within	
the	juvenile	stage,	we	found	evidence	of	positive	cohort	correlations	






mental	 context	 induce	 parental	 plasticity	 over	 multiple	 reproduc‐
tive	 bouts	 (Plaistow	 et	 al.,	 2007;	 Uller,	 2008;	 Uller	 et	 al.,	 2013),	






















































be	 found	 in	 the	 Supporting	 information	 Appendix	 S1:	 Table	 S2.	 Final	
models	were	chosen	based	on	ΔDIC	=	0.




Fixed effect (a) β (95% CI) (b) β (95% CI)
Intercept 15.678 (12.371, 19.407) 16.771 (11.556, 
23.224)
Litter	(1st	vs.	2nd) −5.452 (−8.130, −2.313) −13.418 
(−18.530, 
−8.272)














tion	 Appendix	 S1:	 Table	 S3.	 Final	 models	 were	 chosen	 based	 on	 
ΔDIC	=	0.
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emphasizing	 the	 central	 role	 of	 environmental	 experience	 in	 driv‐
ing	 transgenerational	 plasticity	 (Crean,	 Dwyer,	 &	 Marshall,	 2013;	
Marshall,	 2008;	 Uller,	 2008).	 In	 anthropogenic	 contexts,	 parental	
habituation	of	humans	may	operate	as	a	cue	for	offspring	to	modify	
their	 fear	 responses	of	humans.	Our	data	support	 this	hypothesis:	






risk‐taking	 increased	over	development	 (Table	1b),	 suggesting	 that	
individual‐level	risk	is	plastic	and	can	be	adjusted	over	ontogeny.	It	
is	well‐known	that	wildlife	with	accrued	experiences	of	human	dis‐









Young,	Mahe,	&	Breck,	2015).	 The	mechanisms	 that	 contribute	 to	
rapid	plasticity	 in	wildlife	 fear	are	 less	well‐understood	 (Carrete	&	
Tella,	2017).	Our	results	posit	that	one	potential	mechanism	shaping	
organismal	fear	of	humans	in	coyotes	may	be	parental	effects.






and	 testosterone	 concentrations	 at	 15	weeks	 of	 age	 compared	 to	
their	first‐litter	siblings	(Figure	4,	Table	2).	One	explanation	for	this	
trend	 is	 that	 the	contribution	of	parental	 input	 to	offspring	endo‐
crine	traits	varies	over	development.	Infant	coyotes	have	consider‐





uted	 more	 substantially	 to	 affecting	 offspring	 hormonal	 develop‐
ment	than	parental	 identity.	Previous	studies	on	vertebrate	sibling	
F I G U R E  4  Hormonal	differences	
among	first‐	and	second‐litter	offspring	
in hair cortisol and testosterone 
concentrations	at	5,	10,	and	15	weeks	of	
age.	Each	dot	represents	an	individual	pup





































Notes.	All	estimates	are	given	with	95%	credible	 intervals	 (i.e.,	highest	posterior	density	 intervals	
[HPDI]).	Significant	estimates	are	in	bold.
aRisk‐taking	was	 fit	 with	 the	 "categorical"	 family	 distribution;	 all	 other	 variables	were	 fit	 with	 a	
Gaussian	distribution.	Data	from	both	parents	and	pups	were	included	in	the	model	(see	Supporting	
information	Appendix	S1:	Table	S2	and	Table	S3	for	model	specifications).	










&	Holekamp,	 2006),	 although	 none	 have	 explored	 how	 the	 endo‐
crine	outcomes	of	offspring	vary	over	development.	Alternatively,	
increased	 cortisol	 and	 testosterone	of	 second‐litter	 offspring	may	
be	a	function	of	litter	size:	more	siblings	may	lead	to	more	compe‐
tition,	 and	 thus,	 higher	 stress	 and	 reproductive	 physiology.	 Litter	
size	positively	covaried	with	reproductive	bout	(Schell	et	al.,	2018);	
yet,	we	did	not	 find	 any	evidence	 that	 litter	 size	was	 a	 significant	




suggesting	 that	 individual‐level	behavioral	 consistency	 is	more	 sa‐
lient	 to	 group	 function	 than	 the	 number	 of	 individuals	 in	 a	 social	
group	(Galhardo,	Vitorino,	&	Oliveira,	2012;	Laskowski	&	Bell,	2014;	
Montiglio,	Ferrari,	&	Reale,	2013).	Altogether,	these	data	emphasize	




Evaluating	 the	 genetic	 and	 environmental	 sources	 of	 variance	
in	personality	 and	endocrine	 function	 is	 integral	 to	understanding	
the	importance	of	such	effects	on	evolution	(Dingemanse	&	Araya‐




importance	 of	 common	 environmental	 effects	 and	maternal	 influ‐




coyote	 risk‐taking.	 This	may	 partially	 be	 due	 to	 pedigree	 depth	 in	





TA B L E  4  Genetic,	maternal,	cohort,	and	phenotypic	correlations	between	each	pair	of	pup	traits	within	the	weaning	(5–10	weeks)	and	
juvenile	(10–15	weeks)	stages	of	development
Development Stage Trait 1 Trait 2 Genetic Maternal Cohort Phenotypic
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this	study	(Supporting	information	Appendix	S1:	Table	S1),	which	is	
an	order	of	magnitude	smaller	than	prior	work	(Carrete	et	al.,	2016).	
An	 alternative	 explanation	may	 be	 that	 personality	 differences	 in	
risk‐taking	and	fear	are	both	contextually	and	developmentally	plas‐
tic	 in	 this	 species.	According	 to	 the	 pace	 of	 life	 syndrome	 (POLS)	
hypothesis,	 a	 slow‐lived	 species	 like	 coyotes	 should	 be	more	 risk‐
averse	with	infrequent	human	disturbance,	primarily	because	their	
life	history	 strategy	 largely	depends	on	ensuring	 a	 long	 reproduc‐














and	phenotypic	 syndromes	 in	early	 life	history,	 as	 similarly	 shown	
in	other	mammals	(European	roe	deer,	Capreolus capreolus,	Debeffe	
et	 al.,	 2015;	 dwarf	 hamsters,	 Phodopus sungorus,	 Kanda,	 Louon,	
&	 Straley,	 2012),	 fish	 (convict	 cichlids,	 Amatitlania siquia,	 Mazué,	
Dechaume‐Moncharmont,	&	Godin,	2015),	 and	 reptiles	 (red‐eared	
slider	turtles,	Trachemys scripta,	Carter,	Paitz,	McGhee,	&	Bowden,	
2016).	Phenotypic	 correlations	among	 traits	were	 substantially	 in‐






&	 Costa,	 2007).	 Moreover,	 covariation	 among	 personalities	 and	
endocrine	 response	 underscore	 the	 mechanistic	 and	 functional	
links	between	the	two	(Boulton	et	al.,	2015;	Carere,	Caramaschi,	&	
Fawcett,	 2010;	Miranda,	 2017;	 Taff	&	Vitousek,	 2016).	Our	 study	
adds	 to	 a	 nascent	 but	 growing	 anthology	 suggesting	 that	 person‐
ality	 differences	 in	 fear	 toward	 humans	 is	mediated	 by	 endocrine	






The	 expression	 of	 personality	 traits	 can	 occasionally	 differ	
amongst	wild	and	captive	individuals	(Mason	et	al.,	2013;	Niemelä	
&	 Dingemanse,	 2014),	 although	 recent	 evidence	 suggests	 per‐
sonality	 in	 captivity	 reflects	 personality	 in	wild	 settings	 (Fisher,	
James,	Rodríguez‐Muñoz,	&	Tregenza,	2015;	Herborn,	Heidinger,	
Alexander,	 &	 Arnold,	 2014).	 Captivity	 is	 generally	 safer	 with	















Smith	 et	 al.,	 2018).	We	 may	 therefore	 predict	 that	 the	 specific	














reproductive	 bouts	may	 produce	 offspring	 that	 have	 an	 optimal	
phenotype	 suited	 to	 environments	with	 increased	human	densi‐
ties.	Our	results	provide	evidence	to	suggest	that	parental	effects	
reduce	fear	in	anthropogenic	settings	within	as	little	as	two	gen‐
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